INTRODUCTION
============

In 2013, biliary tract cancers are the sixth leading cause of cancer associated deaths in Korea.[@b1-gnl-10-836] To improve the outcomes of these diseases, diagnosis of early stage cancer, identification of risk factor for recurrence, and effective adjuvant chemotherapy are necessary. As part of these efforts, there have been many studies about the new biomarker for early diagnosis and predicting recurrence. However, there is no widely accepted bio-marker except carbohydrogen antigen 19-9 (CA 19-9), yet.[@b2-gnl-10-836]

A micro-ribonucleic acid (miRNA) is a small noncoding RNA which contains 10 to 24 nucleotides.[@b3-gnl-10-836] It has important functions such as posttranscriptional regulation of gene expression and silencing in normal cells. Compared to normal cells, many miRNAs are involved and recognized as new biomarkers in gastrointestinal solid malignancies such as pancreatic, esophageal, and hepatocellular cancers.[@b4-gnl-10-836]--[@b6-gnl-10-836] However, there were limited studies about miRNA in biliary tract cancers although there was a report that miRNA 141 was highly overexpressed in malignant cholangiocytes and appeared to be a regulator of tumor cell proliferation *in vitro*.[@b7-gnl-10-836]

Based on this background, we aimed to identify the clinical role of miRNA 141 which was from the biopsy samples during endoscopic retrograde cholangiopancreatography in patients with extrahepatic biliary tract cancers such as perihilar bile duct, distal common bile duct, and gallbladder cancer.

MATERIALS AND METHODS
=====================

1. Patients
-----------

From June 2010 to December 2012, a total of 38 patients with biliary tract cancers were enrolled in Seoul National University Hospital. They underwent endoscopic retrograde cholangiopancreatography (ERCP) for tissue acquisition and biliary drainage. Their medical records and radiological findings were reviewed.

2. Tissue acquisition and miRNA extraction
------------------------------------------

Cancer samples were acquired in the common bile duct after cannulation and acquisition of cholangiogram. For the purpose of acquisition of normal sample, endoscopic biopsy in ampulla of Vater was performed after sphincterotomy in the same patient. Tissue samples were stored in a deep freezer at −70°C. For miRNA extraction, frozen tissue was melted at 4°C. Using a mirVANA^TM^ miRNA isolation kit (Ambion^®^; Life Technologies Korea, Seoul, Korea), extraction was done according to the manufacturer's protocol.

3. miRNA quantitative reverse transcription-polymerase chain reaction analysis
------------------------------------------------------------------------------

Quantitative reverse transcription (qRT)-polymerase chain reaction (PCR) was used to detect the miRNA level in samples. Quantitative analysis of miRNA of tissue samples were performed using predesigned TaqMan^®^ miRNA assays (Applied Biosystems, Foster City, CA, USA). The miRNA assays are a 2-step process. Using a miRNA 141 specific RT-PCR primer, complementary deoxyribonucleic acid (cDNA) was prepared. Then, RT-PCR was followed with TaqMan^®^ probes. The non-coding RNU6B (U6 control) was used as housekeeping control. These assays target the mature miRNA 141 sequences, only.

4. Analysis of the quantitative RT-PCR results
----------------------------------------------

The expression of each miRNA relative to U6 RNA is determined using qRT-PCR results which are expressed as mean relative fold change of expression. It is also known as the 2^−ΔΔCt^ method.[@b8-gnl-10-836] In this method, ΔΔCt was as follows:
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In this study, overexpression of miRNA 141 is defined as more than 2-fold change of expression.

5. Statistics
-------------

Statistical analysis was done with statistical software PASW version 18.0 for Windows (SPSS Inc., Chicago, IL, USA). Categorical variables were compared with the chi-square test or Fisher exact test. Comparison of continuous variables was done with the Mann-Whitney U test. The Kaplan-Meier analysis was used to generate survival curves and calculate median survival time. Disease-free survival and overall survival according to each of the evaluated clinical characteristics was compared by log-rank test. Two-sided p-values less than 0.05 were considered statistically significant.

6. Ethics statement
-------------------

The study was approved by the Institutional Review Board of Seoul National University Hospital (IRB number: H-1007-067-323). Informed consent was waived by the IRB.

RESULTS
=======

1. Overall characteristics of patients
--------------------------------------

A total of 38 patients were enrolled in this study ([Table 1](#t1-gnl-10-836){ref-type="table"}). Twenty-six (68.4%) were male and the median age was 69.5 years. Nineteen patients underwent R0 resection, two underwent palliative surgery (one bypass surgery and one simple cholecystectomy), and others did not undergo surgery. According to location of cancer, 13 had perihilar bile duct cancer, 18 had common bile duct, and seven had gallbladder cancer. There was no gallbladder cancer patient who underwent R0 resection. Fifteen patients (39.5%) were diagnosed as stage IV and four patients (10.5%) who had resectable stage cancer did not undergo R0 resection because of comorbidities or patients' refusal. As for the R0 resection, 10 underwent pancreaticoduodenectomies including three Whipple's operations and seven pylorus preserving pancreaticoduodenectomies. Six patients underwent bile duct resection and three underwent extended hepatic lobectomy. There was significant difference of median overall survival between patients with and without R0 resection (147.3 weeks vs 31.4 weeks, p\<0.001). Median 2^−ΔΔCt^ result of miRNA 141 was 0.67 and there was no difference between the patients who had undergone R0 resection and those who had not.

2. miRNA 141 in patients with R0 surgical resection
---------------------------------------------------

In patients with R0 surgical resection, there were four and 15 patients with and without overexpression of miRNA 141. Although there was no difference of other clinical factors between two groups, angiolymphatic invasion is significantly more frequent in patients with overexpression than those without over-expression ([Table 2](#t2-gnl-10-836){ref-type="table"}). There was no difference in overall survival between patients with and without overexpression (median, 167.5 weeks vs undefined, p=0.573) ([Fig. 1](#f1-gnl-10-836){ref-type="fig"}); however, there was a significant difference of disease free survival between two groups (median, 66.2 weeks vs undefined, p=0.039) ([Fig. 2](#f2-gnl-10-836){ref-type="fig"}).

3. miRNA 141 in patients without R0 surgical resection
------------------------------------------------------

In patients without R0 surgical resection, there were three and 16 patients with and without overexpression of miRNA 141 ([Table 3](#t3-gnl-10-836){ref-type="table"}). Compared to the patients with R0 surgical resection, patients who did not undergo R0 surgical resection without overexpression of miRNA 141 was significantly associated with better overall survival than those with overexpression (51.0 weeks vs 3.1 weeks, p\<0.001) ([Fig. 3](#f3-gnl-10-836){ref-type="fig"}).

Ten patients without overexpression of miRNA 141 received palliative chemotherapy; however, there was no one who received it in patients with overexpression. Palliative chemotherapy regimens were as follows: gemcitabine with cisplatin (four), gemcitabine with TS-1 (four), gemcitabine only (one), and cisplatin with TS-1 (one).

Although patients without overexpression of miRNA 141 were associated with palliative chemotherapy with borderline significance, palliative chemotherapy was not significantly associated with overall survival period.

DISCUSSION
==========

Because the 5-year survival of biliary tract cancers is variable according to their origin, the exact prognosis using clinicopathological information is very limited.[@b9-gnl-10-836] Furthermore, few biomarkers except CA 19-9 are known in biliary tract cancer.[@b2-gnl-10-836] miRNAs which are small noncoding RNAs have been suggested as biomarkers in gastrointestinal solid malignancies including esophageal cancer, pancreatic cancer, and liver cancer.[@b4-gnl-10-836]--[@b6-gnl-10-836] In that aspect, miRNAs could be candidate prognostic biomarkers in biliary tract cancer although there are still limited data.[@b10-gnl-10-836]--[@b12-gnl-10-836] miRNA 141 is a member of the miRNA 200 family.

miRNA 141 was chosen in current study because of a previous study which reported that miRNA 141 was highly overexpressed in malignant cholangiocytes compared to nonmalignant cholangiocytes.[@b7-gnl-10-836] In addition, this study suggested that miRNA 141 appears to be an important regulator of tumor cell proliferation *in vitro* and the strategies to decrease miRNA 141 overexpression may be potentially useful to limit tumor growth. Although there was another study that miRNA 200 b/c which is another member of miRNA 200 family, could regulate the migration and invasion capacity of cholangiocarcinoma cell lines and tumorigenic properties,[@b13-gnl-10-836] we tried to assess the role of miRNA 141 as a biomarker from this background.

In this study, the prognosis of patients with R0 resection was much better than that of patients without surgery. However, there was no significant difference of median expression levels of miRNA 141 although it was insignificantly lower in patients with R0 resection than those without R0 resection (0.60 vs 0.80, p=0.907).

Among the patients with R0 resection, the overexpression of miRNA 141 was significantly associated with angiolymphatic invasion in the surgical specimens. Considering that angiolymphatic invasion is regarded as a negative prognostic factor in other cancers,[@b14-gnl-10-836],[@b15-gnl-10-836] our results implicates that the overexpression of miRNA 141 might be associated with worse clinical outcomes. It is also supported by that disease free survival of patients with overexpression of miRNA 141 was significantly shorter than those without overexpression although there was no difference of overall survival.

Among the patients without R0 resection, there was a significant difference of overall survival between the patients with and without overexpression. Although more patients without overexpression of miRNA 141 received palliative chemotherapy than those with overexpression, palliative chemotherapy was not statistically significant factor for overall survival. As a result, overexpression of miRNA 141 was the only clinical factor which is significantly associated with overall survival.

In this study, there are three limitations. First, there are patients with extrahepatic bile duct cancer or gallbladder cancer which are of different staging system, surgical treatments, and prognosis. Because of such heterogeneous composition of patients, it is difficult to draw a universal principle although both bile duct and gallbladder cancer are usually regarded as a biliary tract cancer. Second, we could not know the exact number of samples which contain cancer tissue because ERCP-guided endobiliary biopsy for the bile duct has 70% to 80% sensitivity for diagnosing biliary malignancies. Finally, the results of this study are based on miRNA results only. For the concrete evidence, further studies with protein, animal, and humans are necessary.

In conclusion, overexpression of miRNA 141 is associated with poor prognostic indicators in patients with biliary tract cancer and shows a possibility as a prognostic biomarker in these patients. Further studies are necessary to confirm it.
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###### 

Overall Characteristics of Patients

  Characteristic                                  With R0 resection (n=19)   Without R0 resection (n=19)   Total (n=38)         p-value
  ----------------------------------------------- -------------------------- ----------------------------- -------------------- ---------
  Male sex                                        16 (84.2)                  10 (52.6)                     26 (68.4)            0.036
  Age, yr                                         71 (52--85)                69 (54--85)                   69.5 (52--85)        0.549
  Location of cancer                                                                                                            0.013
   Perihilar bile duct                            7 (36.8)                   6 (31.6)                      13 (34.2)            
   Distal bile duct                               12 (63.2)                  6 (31.6)                      18 (47.4)            
   Gallbladder                                    0                          7 (36.8)                      7 (18.4)             
  Stage                                                                                                                         \-
   I                                              2 (10.5)                   2 (10.5)                      4 (10.5)             
   II                                             14 (73.7)                  0                             14 (36.8)            
   III                                            3 (15.8)                   2 (10.5)                      5 (13.2)             
   IV                                             0                          15 (78.9)                     15 (39.5)            
  Operation                                                                                                                     \-
   Whipple                                        3                          \-                            3                    
   PPPD                                           7                          \-                            7                    
   Bile duct resection                            6                          \-                            6                    
   Extended lobectomy                             3                          \-                            3                    
   Bypass surgery                                 \-                         1                             1                    
   Cholecystectomy                                \-                         1                             1                    
   No operation                                   \-                         17                            17                   
  Median 2^−ΔΔCt^ level of miRNA 141              0.60 (0.04--4.48)          0.80 (0.00--48.89)            0.67 (0.00--48.89)   0.907
  No. of patients with miRNA 141 overexpression   4 (21.1)                   3 (15.8)                      7 (18.4)             \>0.99

Data are presented as number (%) or median (range).

PPPD, pylorus-preserving pancreaticoduodenectomy; miRNA, micro-ribonucleic acid.

###### 

Characteristics of Patients Who Had Undergone R0 Surgical Resection

  Characteristic    Without overexpression of miRNA 141 (n=15)   With overexpression of miRNA 141 (n=4)   Total (n=19)   p-value
  ----------------- -------------------------------------------- ---------------------------------------- -------------- ---------
  Male sex          12 (80.0)                                    4 (100.0)                                16 (84.2)      \>0.99
  Age, yr           71 (52--78)                                  66 (55--85)                              71 (52--85)    0.993
  Malignancy                                                                                                             0.603
   Perihilar        5 (33.3)                                     2 (50.0)                                 7 (36.8)       
   Distal           10 (66.7)                                    2 (50.0)                                 12 (63.2)      
  Stage                                                                                                                  \>0.99
   I                2 (13.3)                                     0                                        2 (10.5)       
   II               11 (73.3)                                    3 (75.0)                                 14 (73.7)      
   III              2 (13.3)                                     1 (25.0)                                 3 (15.8)       
  Differentiation                                                                                                        \>0.99
   Well             3 (20.0)                                     0                                        3 (15.8)       
   Moderately       8 (53.3)                                     3 (75.0)                                 11 (57.9)      
   Poorly           4 (26.7)                                     1 (25.0)                                 5 (26.3)       
  Invasion                                                                                                               
   Angiolymphatic   3 (20.0)                                     4 (100.0)                                7 (36.8)       0.009
   Venous           1 (6.7)                                      1 (25.0)                                 2 (10.5)       0.386
   Perineural       13 (86.7)                                    4 (100.0)                                17 (89.5)      \>0.99

Data are presented as number (%) or median (range).

miRNA, micro-ribonucleic acid.

###### 

Characteristics of Patients Who Had Not Undergone R0 Surgical Resection

  Characteristic            Without overexpression of miRNA 141 (n=16)   With overexpression of miRNA 141 (n=3)   Total (n=19)   p-value
  ------------------------- -------------------------------------------- ---------------------------------------- -------------- ---------
  Male sex                  7 (43.8)                                     3 (100.0)                                10 (52.6)      0.211
   Age, yr                  69 (54--85)                                  77 (69--82)                              69 (54--85)    0.145
  Malignancy                                                                                                                     \>0.99
   Perihilar                5 (31.3)                                     1 (33.3)                                 6 (31.6)       
   Distal                   5 (31.3)                                     1 (33.3)                                 6 (31.6)       
   Gallbladder              6 (37.5)                                     1 (33.3)                                 7 (36.8)       
  Stage                                                                                                                          \>0.99
   I                        2 (12.5)                                     0                                        2 (10.5)       
   III                      2 (12.5)                                     0                                        2 (10.5)       
   IV                       12 (75.0)                                    3 (100.0)                                15 (78.9)      
  Palliative chemotherapy   10 (66.7)                                    0                                        10 (55.6)      0.069

Data are presented as number (%) or median (range).

miRNA, micro-ribonucleic acid.
